Ectomycorrhizal fungi were investigated on five different forest tree species growing in pure stands on the south slope of the Taunus Mountains, which are situated at the northern end of the Rhine rift valley in Central Germany. Mycorrhizal fungi accompanying the genus Xerocomus were identified and their frequencies counted. Using ITS markers, 22 different fungal species were identified down to species level and 6 down to genus level. On European beech (Fagus sylvatica) 16 fungal species and 4 genera were identified and on Sessile oak (Quercus petraea) 16 ectomycorrhizal species and 2 genera were determined. On both deciduous trees we observed exclusively: Cortinarius subsertipes, Genea hispidula, Lactarius quietus, Tylopilus felleus and a Melanogaster genus. On Norway spruce (Picea abies) we identified 13 different mycorrhizal species and 3 different genera, on Silver fir (Abies alba) 12 species and 3 genera, and in association with European larch (Larix decidua) 11 species and 3 genera. On these conifers Cortinarius anomalus, Lactarius necator and a Piloderma genus occurred exclusively. Comparisons with published data of ectomycorrhizal diversity on the same five tree species, growing in different areas of Germany and Europe, led to the conclusion that there is relative site specificity for ectomycorrhizal communities. Upper soil compartments of the stands investigated in the Taunus Mountains suffer from soil acidification (pH-H 2 0 ~3.7 to ~4.8). However, a clear correlation between upper soil pH-values and fungal diversity was not observed. On the other hand, nitrate concentrations in upper soil compartments (~26 to ~91 kg NO 3 -/ha) were higher in older stands as compared to younger ones. Higher nitrate concentrations in upper soils correlated with lower numbers of mycorrhizal individuals.
INTRODUCTION
Most European tree species form a symbiosis with higher soil fungi in the root tip region [1, 2] . This symbiosis with asco-and basidiomycota, but also with mitosporic fungi, referred to as ectomycorrhiza, induces an exchange of various metabolites between both symbiotic partners [3] [4] [5] [6] [7] [8] [9] but also alters root growth [10, 11] . The extension of long roots is inhibited and coralloid branched short roots are formed [12] .
The hyphae of ectomycorrhizal fungi are dikaryotic and sexual reproduction is performed via the production of haploid spores in above ground fruiting bodies [13] . Those ectomycorrhizal fungi that do not form fruiting bodies cannot be classified as species in the traditional meaning. They are named Fagirhiza spp., Pinirhiza spp. etc. [12] in relation to the host tree species on which they occur and their morphological traits.
Phytobionts and phycobionts in an ectomycorrhizal community possess their own systems to take up nitrate from soils and to reduce nitrate to R-NH 2 [14] [15] [16] . Under the conditions of low soil nutrient, however, ectomycorrhizal fungi support the uptake of nitrate, phosphate and water to their hosts, obtaining carbohydrates from these in return [17] . An excess of nitrogen ( kg N/ha year [20] . In 2009 in forests of the State of Hesse in Central Germany, the average nitrogen (NH 4 -N plus NO 3 -N) input amounted to 24 kg N/ha under Norway spruce (Picea abies) and 17 kg/ha under European beech (Fagus sylvatica) [20] . Our own investigations show that nitrogen contents in upper soils of forest stands in the Taunus Mountains vary depending on stand age, partly transgressing the threshold value.
This situation prompted us to determine the mycorrhizal species and their frequency found during a search for ectomycorrhizae of the genus Xerocomus on root tips of European beech (Fagus sylvatica), Sessile oak (Quercus petraea), Norway spruce (Picea abies), Silver fir (Abies alba) and European larch (Larix decidua) growing in the Taunus Mountains. The data obtained are compared with those reported for some other German and European forest ecosystems. Furthermore, fungal diversity and number of individuals per fungal species, respectively genus are correlated to upper soil pH-values, nitrogen contents and stand age.
MATERIALS AND METHODS

Stand Characteristics
Root samples and fruiting bodies were collected in five different forest stands on the south-side of the Taunus Mountains, situated in the southern part of the state of Hesse, Germany. The GPS coordinates of the study sites are given in Table 1 . Mycorrhizal roots were sampled in spring and autumn in forest stands belonging to the forest districts Wiesbaden-Chauseehaus and Königstein. Mycorrhizal roots were collected from pure stands of Abies alba (Mill.), Fagus sylvatica (L.), Larix decidua (Mill.), Picea abies ((L.) H Karst.) and Quercus petraea, (Matt.) Liebl.)).
The number of sampled Silver firs and Sessile oaks is lower compared to European beech, Norway spruce and European larch in the Taunus Mountains because in this area there are almost no pure stands of Silver fir and Sessile oak. During a six week sampling-period an average of 120 mycorrhizal samples were collected.
Sampling of Mycorrhizae
Mycorrhizal root samples were collected from trees that were at least 10 m apart. The collected samples were put in labelled plastic bags and stored on ice in a cooling container. In the laboratory samples were washed in iced water, sorted under a stereomicroscope at 25× magnification, according to morphological criteria described by Agerer [12] , and then stored at −20˚C. Final identification was performed by amplification of the ITS region, using the primer pair ITS1 [21] and ITS4b or ITS1F/ ITS4 [22] , and restriction of the amplified DNA with Hinf I as described by Haese and Rothe [23] . The collected fruiting bodies were transported in paper bags and later cut into halves. One part was frozen in liquid nitrogen while the other half was dried at 50˚C for three days.
Soil Parameters
pH-Values
Six 20-g samples of upper soil (0 to 5 cm soil depth) were collected from each stand, sieved and dried at 30˚C for three days. Dry soil samples were bisected and to one half 25 ml of distilled water added, while to the remaining half 25 ml of 10 mM CaCl 2 were added. Samples were shaken at 200 rpm for an hour on a shaker, then the soil was allowed to settle for 20 minutes and then pHvalues were measured (Digital-pH-meter 646, Knick, Germany). Before measurements the pH-electrode was calibrated with a calibration-buffer at pH 4 and pH 7. Measurements were performed at 20˚C.
Upper Soil Ammonium and
Nitrate Concentrations Determinations were performed using colorimetric kits obtained from Merck (Darmstadt, Germany). Ammonium contents were determined with the "AmmoniumTest" (Spectroquant 114752) converting ammonium ions into ammonia in a strong alkaline solution and chlorinating this to mono-chloramine which forms a blue indophenol derivative with thymole. At each stand six samples of the upper soil compartment were taken. Five grams of dried soil were mixed with 20 ml of 12.5 mM CaCl 2 and shaken vigorously at 200 rpm on a shaker for 30 min. After 10 min the slurry was filtrated and then 5 ml of clear sample solution were pipetted into a reagent vial, used to determine ammonium concentrations at RT. Then 0.60 ml of reagent "NH 4 -1" was pipetted into that vial and the solutions mixed. After that, one micro spoon full of reagent "NH 4 -2" was added and the mixture rigorously shaken until the reagent was fully dissolved. After a reaction time of 5 min, 4 drops of reagent "NH 4 -3" were added. After mixing that solution, 5 min later its green-blue colour intensity was quantified photometrically at 690 nm against a blank.
Nitrate concentrations were determined by use of the "Nitrat-Test" (Spectroquant 114773), making use of the fact that nitrate-ions form in a concentrated sulphuric acid together with a benzoic acid derivative a red nitro compound that can be photometrically quantified: one full micro spoon of reagent "NO 3 -1A" was put into a dry reagent vial that could be closed with a screw cab. Then 5 ml of reagent "NO 3 -2A" were added and the mixture rigorously shaken until the reagent had dissolved completely. Then 1.5 ml sample solution (treated as described for the determination of ammonium) was carefully added by slowly running down the inner side of the reagent vial held in a sloping position. Immediately the screwed vial was shaken rigorously. After a 10 min reaction time, the colour intensity was measured in a photometer at 517 nm against a blank.
Nitrogen concentrations were calculated using the equation: m N = ß N *F*d*ps [kg/ha], with: ß N = nitrogen concentration in sample solution (mg N/ml), F = factor resulting from the volume V e (ml) used to extract a certain amount of dry soil S d (g) (F = V e /S d (ml/g)), d = soil depth that was probed (dm), equivalent to 5 cm (= dm = 0.5) and ps = density of dry soil at 0 to 5 cm soil depth, equivalent to 1.3 (g/cm 3 ). Thus N (kg/ha) = 2.6*N (mg/ ml).
DNA Extraction
Total DNA was extracted according to Haese and Rothe [23] with a modified CTAB (cetyltrimetyl ammonium bromide)-protocol [24] : A single mycorrhizal root tip was put into a sterile 1.5 ml reaction tube, frozen in liquid nitrogen and then homogenized by hand with a plastic minipestle. To the resulting powdered material 300 μl of extraction buffer [10 mM Tris-HCl (pH 8.0), 1.4 M NaCl, 20 mM Na 2 -EDTA (ethylendiamine tetra acetic acid) and 2% (w/v) CTAB] were added, then the mixture was incubated for 60 -75 min at 65˚C in a water bath with vortexing at approximately every 15 minutes for 10 sec. The resulting slurry was centrifuged for 5 min at 13,000x g at room temperature and the supernatant transferred into a sterile 1.5 ml reaction tube. Then 390 μl of isopropanol (99.7%) and 20 μl of sodium acetate (3 M) were added, the tube was inverted ten times and subsequently stored over night at −20˚C. The next day nucleic acids were precipitated by centrifugation at 10,000x g at 4˚C for 10 min. The supernatant was removed and 600 μl of 70% ethanol were added to the pellet while keeping the mixture for five min at room temperature. The mixture was then centrifuged for 2 min at 10,000x g at RT. This procedure was repeated once and then the supernatant was air-dried for 20 min. The resulting pellet was re-suspended in 100 μl Tris-EDTA-buffer of pH 8.0 (10 mM Tris-HCl, 1 mM Na 2 -EDTA) and then warmed to 65˚C for 60 min while vortexing the mixture four to six times for 10 sec. The resulting solution was diluted 1:50 with sterile HPLC-water and stored at −20˚C.
PCR-RFLP Analysis
To identify mycorrhizal samples and fruiting bodies, the multicopy ITS region of their ribosomal DNA (rDNA) was amplified and sequenced. The rDNA repeats, comprising the 18S rRNA gene, the ITS-1-spacer, the 5.8S rRNA, the ITS-2-spacer and the 28S rRNA gene, was amplified using the primer pair ITS1 [21] and ITS4b [22] . Primer ITS1 binds to the 3'-end of the 18S rRNA gene and primer ITS4b binds to the 5'-end of the 28S rRNA gene. If no PCR product resulted, the primer pair ITS1F/ ITS4 was used [22] .
A 20 µl PCR reaction mixture contained 2 µl dNTPs (200 pM of each), 1 µl of each primer (1 pM per primer), 0.2 µl BioTherm polymerase (1 Unit, Genecraft, Münster, Germany), 2 µl of the appropriate buffer (10x, containing 15 mM MgCl 2 ), 3.8 µl HPLC-H 2 O and 10 µl of DNA solution. Control reactions contained autoclaved water instead of extracted DNA. The following temperatures and reaction times were used to amplify the ITS region: a) 3 min denaturation at 94˚C, b) 35 amplification cycles (45 sec at 94˚C, 45 sec at 58˚C and 90 sec at 72˚C) and c) a final extension for 10 min at 72˚C. Then using the restriction enzyme Hinf I, PCR products were cut without further purification (5 Units Hinf I per 20 µl PCR reaction mixture and 5 h incubation at 37˚C).
cation, BLAST searches were carried out against the NCBI (http://www.ncbi.nlm.nih.gov/) and UNITE (http://unite.ut.ee) public sequence databases. Sequences were assigned to matching species names when the BLAST matches showed identities higher than 97% and scores higher than 900 bits. The name suggested by UNITE, a database for EM fungi [25] , was used preferentially and that of NCBI only if there was no entry in UNITE. If no appropriate match was found, the sequence was assigned to a higher taxonomic level (genus) and was called spp.
Calculation of Species Diversity
To quantify species diversities the following indices were calculated: Shannon index (H'), maximum value of the Shannon index (H max ) and Shannon equitability (evenness, E). The Shannon index results from H' =−∑ pi lnpi, with ln, natural logarithm and pi = ni/N, with ni = number of individuals per species and N = number of individuals per forest stand. The resulting product is summed across species and multiplied by −1 [26, 27] . The maximum value of the Shannon index results from H max = lnS, with ln, natural logarithm and S = number of identified mycorrhizal species per forest stand. Shannon's index of equitability (evenness) of a community can be represented by Pielou's evenness index (E = H'/ H max ), where H' is the number derived from the Shannon diversity index and H max is the maximum value of H' [28] . Evenness ranges from zero to one, with zero signifying no evenness and one, a complete evenness.
RESULTS
Soil Parameters
The five different stands in the Taunus Mts. that were investigated for mycorrhizal richness were also studied with respect to upper soil (0 -5 cm) pH-values and nitrogen contents.
Soil pH
The upper soils of the five investigated stands suffer under soil acidification as can be taken from the pHvalues listed in Table 2) .
According to Ulrich [29] proton concentrations of soils can be attributed to five different buffer systems: 1) the carbonic acid-carbonate buffer (pH 8.6 to 6.2), 2) the carbonic acid-silicate buffer (pH 6.2 to 5.0), 3) the exchange buffer (pH 5.0 to 4.2), 4) the aluminium buffer (pH 4.2 to 3.0) and 5) the iron buffer (pH < 3.0). Thus the roots of the investigated Norway spruce and fir trees grow in the upper soil under the influence of the exchange buffer system, i.e. they grow under the influence of a "moderate acid" soil buffer, while the roots of European beech, European larch and Sessile oak are under the influence of the "very acid" aluminium buffer-system. Under natural conditions, soil acidification ends with the carbonic acid-silicate buffer system. Lower pH soil values are caused by the input of strong inorganic acids such as nitric acid which is input into forest ecosystems through acid rain.
In the investigated stands in the Taunus Mountains, soil acidification in the upper soils increases with tree age (Figure 1) .
Assuming a linear correlation between tree age, respectively stand age and soil pH-H 2 O-values in a soil depth of 0 -5 cm, it can be estimated that the pH-value decreased on average during the last 100 years by about 0.34 pH units; if the larch stand is excluded from the calculation, a decrease of 1.2 units is obtained (Figure 1 ). Table 3 ). The fir, larch and spruce stands show decreasing nitrogen concentrations, ranging from about 13 to about 8 kg N/ha ( Table 3) . 
N-Concentrations
Molecular Identification
Length of ITS-Fragments
The multi-copy ITS rDNA fragment can be used to identify ectomycorrhizal fungi [30] [31] [32] . The length of the amplified ITS regions of mycorrhizae investigated in the Taunus Mountains using the primer pair ITS1/ITS4b ranged from 700 to 900 bp ( Table 4) . Using this primer pair in Xerocomus chrysenteron as well as in Boletus edulis and Xerocomus pruinatus a fragment of 900 bp was amplified, corresponding to the data of Haese and Rothe [23] . The length of the amplified ITS-region in Xerocomus badius is 800 bp. 
ITS-RFLP-Patterns
The mycorrhizal species with silvery-white to light yellow root tips bearing the fungi Boletus edulis, Xerocomus badius, Xerocomus chrysenteron or Xerocomus pruinatus, are difficult to distinguish by morphological traits. By amplifying the ITS region and restricting it with the restriction enzyme Hinf I these four species can clearly be distinguished [23] . Restriction leads to two DNA bands of different sizes for the four fungi. In case of Xerocomus badius we obtained DNA bands sized 320 and 300 bp ( Table 4 Table 4) .
The ITS band lengths of the 25 mycorrhizal species investigated are presented in Table 4 together with the restriction bands obtained from these.
ITS fragments using the primer pair ITS1/ITS4b ranged from about 700 to 900 bp. Restriction of amplified ITS bands resulted in two DNA fragments with sizes between about 250 to 470 bp.
Sequenced ITS-Fragments
Amplified ITS-fragments were sequenced and the resulting sequences were compared with those listed in the public sequence-databases NCBI and UNITE, using the same settings for BLAST ( Table 5 ). The investigated sequences were submitted to GenBank (NCBI).
Composition of Mycorrhizal Communities
Diversity of Ectomycorrhizal Species on
Five Different Forest Tree Species 3.3.1.1. Total Diversity On the five different tree species growing in the Taunus Mountains, a total of 25 different ectomycorrhizal fungi have been identified to the species level using RFLP-analysis and sequencing the ITS region ( Table 4 and Table 5 ). Of these, three species belong to the genus Xerocomus. On fine roots infected with the genus Xerocomus we identified another 22 mycorrhizal species (Table 5). Further seven ectomycorrhizal fungi (Cortinarius spp., Lactarius spp., Melanogaster spp., Paxillus spp., Piloderma spp., Tomentella spp., Xerocomus spp.) could only be identified to genus level, so that in total 32 different mycorrhizal fungi could be determined on the five different tree species.
The most frequent species in our study were Boletus edulis (31 individuals), Lactarius subdulcis (22 ind.), Paxillus involutus (51 ind.) and Russula ochroleuca (41 ind.) ( Table 6 ). Accession numbers of ITS sequences submitted to GenBank are listed in the appendix (Table A1 ).
According to their relative occurrences ectomycorrhizal species were classified into six dominance classes [33] : 1) numerous (100% -32%), 2) frequent (31.99% -10%), 3) often (9.99% -3.2%), 4) occasional (3.1% -1.0%), 5) scattered (0.99% -0.32%) and 6) rare (0.31% -0%). The corresponding frequencies are listed in Table  6 . Table 7) .
On all examined five tree species the five mycorrhizal fungi Cortinarius casimiri, Laccaria amethystina, Lactarius subdulcis, Paxillus involutus and Russula ochroleuca were found. They made together 145 out of 334 mycorrhizal findings, i.e. 43% ( Table 7) .
On the two deciduous tree species we identified Cortinarius subsertipes, Genea hispidula, Lactarius quietus, Tylopilus felleus and Melanogaster spp. They made 11 out of 334 findings, i.e. 3.3%. Of these the first four were found on Quercus petraea while Genea hispidula and Melanogaster spp. were observed exclusively on F. sylvatica.
The four species found exclusively on conifers showed an extremely rare occurrence (1.8%). Lactarius necator was identified only on Picea abies and Cortinarius anomalus only on Abies alba.
Eleven identified ectomycorrhizal species and three genera occurred on the broad-leafed trees as well as on conifers investigated. They made together 52% of all mycorrhizal findings.
Rarity and commonness of mycorrhizal species in the forest stands investigated in the Taunus Mountains were quantified by calculating the diversity indexes Shannon index (H'), maximum diversity index (maximum value of the Shannon index, H max ) and Shannon evenness (E).
The corresponding values are indicated in Table 8 .
The slightest diversity index (H' = 2.2515) was calculated for mycorrhizae on European larch, the highest index was calculated for European beech (H'= 2.6945). Mycorrhizae on the three conifer species Larix decidua, Abies alba and Picea abies showed a lower mycorrhizal diversity than those on the two deciduous species Fagus sylvatica and Quercus petraea. European beech and sessile oak are native trees in the Taunus area, while the conifers were planted about one hundred years ago. Therefore, not all of the native occurring mycorrhizae seem to have the capability to form a symbiosis with the non-native trees.
Looking at the surveyed tree species separately the differences in the mycorrhizal species spectrum are more Table 7 .
On the five tree species investigated in this study a total of 22 ectomycorrhizal species were identified. Of these 12 species (55%) were determined at A. alba (Table 7). Seven species occurred at lower frequencies while 5 occurred on higher frequencies on Silver fir in comparison to the remaining four tree species (Figure 3) . Cortinarius anomalus was found exclusively on Abies alba. Scleroderma citrinum and Tylopilus felleus were found three times and more often on this tree species than on the remaining four tree species (Figure 3) .
Cremer studied [34] the occurrence and frequency of ectomycorrhizal fungi on Silver fir growing in the northern Black Forest ( Table 9 ). The three species Laccaria amethystina (7.1%), Russula ochroleuca (11.9%) and Tomentella stuposa (24.2%) which she observed were also found during our investigations ( Table 8) . Comandini and coworkers [35] studied the occurrence of mycorrhizal fungi on Silver fir growing in Central Italy. They did not find the mycorrhizal species named in Figure 3 , except for Byssocorticium atrovirens and Laccaria amethystina. However, they identified Phellodon niger, Tricholoma bufonium, Lactarius salmonicolor and Lactarius scrobiculatus which we did not find on Abies alba growing in the Taunus region.
Fagus sylvatica
On 189 sampled European beech 110 mycorrhizal samples were collected comprising 20 different ectomycorrhizal fungi. This is the highest diversity which we observed on the five tree species investigated here. As frequent (31.99% -10%) were classified Boletus edulis, Lactarius spp. and Paxillus involutus ( Table 7) . Often (9.99% -3.2%) appeared Russula ochroleuca, Laccaria amethystina, Cortinarius spp., Genea hispidula, Lactarius subdulcis, Byssocorticium atrovirens and Melanogaster variegatus ( Table 7) .
Of the 22 ectomycorrhizal species identified on the 5 tree species, we determined 16 species (73%) on F. sylvatica. Six fungal species were not found on this tree species (Figure 4, Table 7 ). Boletus edulis, Byssocorticium atrovirens, Genea hispidula and Lactarius hepaticcus were found three times and more often on European beech than on the remaining four tree species (Figure 4) .
During her investigations on the mycorrhizal species richness and host preferences on European beech growing in the National Park Hainich in Thuringa in central Europe, Lang and coworkers [36] determined as frequent occurring species Clavulina cristata (14.2%), Lactarius subdulcis* (12.7%) and Tomentella sublilacina (11.1%) (cf. Table 8 ). According to our nomenclature they found Cenococcum geophilum* (9.6%), Russula delica (4.9%) and Russula ochroleuca* (5.5%) often. The mycorrhizae marked with an asterisk were also found in the present study.
The incidence of ectomycorrhizae infecting European beech growing in two wooded areas on the south slopes of the Taunus Mountains was studied before by Schauf and Rothe [37] (Table 9) . They found the following fungal species Byssocorticium atrovirens* (5% and 15%), Cenococcum geophilum* (75% and 70%), Cortinarius spp. (35 and 10%) , Elaphomyces muricatus (20% and 0%), Fagirhiza arachnoidea (0% and 10 %), Fagirhiza cystidiosphora* (55% and 0%), Fagirhiza fusca (5% and 5%), Fagirhiza spinulosa (0 and 5%), Genea hispidula* (70% and 60%), Laccaria amethystina* (60% and 0%), Laccaria spp. (20% and 85%), Russula fellea (10% and 0%), Russula illota (30% and 10%), Russula mairei (10% and 0%), Russula ochroleuca* (5% and 65 %), Sphaerozone ostiolatum (syn: Fagirhiza tubulosa)* (70% and 5%) and Xerocomus chrysenteron* (40% and 65%). The eight types marked with an asterisk were also found in the present study.
Larix decidua
On 115 European larch trees a total of 63 mycorrhizal samples were collected comprising 14 mycorrhizal genera and species. Paxillus involutus, Russula ochroleuca and Laccaria amethystina appeared frequent (31.99% -10%) ( Table 7) . Often (9.99% -3.2%) occurred Fagirhiza cystidiophora, Fagirhiza tubulosa, Lactarius hepaticus, Lactarius subdulcis, Lactarius tabidus, Paxillus spp. and Tomentella spp. Mycorrhizal species with lower relative frequencies than 3.2% are shown in Table 7 .
Of the 22 ectomycorrhizal species identified on the five tree species 11 species (50%) were determined on L. decidua. Eleven fungal species were not found on this tree species in comparison to the remaining four species ( Figure 5, Table 7) . Lactarius hepaticus and Lactarius tabidus were found three times more often on European larch than on the remaining four tree species (Figure 5) .
The ectomycorrhizal status of European larch (Larix decidua) seedlings was also investigated in bare-root forest nurseries in northern Poland [38] . The authors identified the following species: Suillus grevillei (32.9%), Wilcoxina mikolae (56.4%) (cf. Table 9 ), Tuber oligospermum (1.7%), Tuber borchii (1.7%), Geophora sf. cervina (5.8%), Tirmania nivea (1.4%), and Cazia flexiascus (0.4%). None of these species were found on the studied European larch growing on the Taunus Mountains.
Picea abies
Seventy-two mycorrhizae were collected on 190 spruce trees. These comprised 16 mycorrhizal genera and species. A relatively high number of individuals resulted for Paxillus involutus (19.4%) and Russula ochroleuca (18.1%). These species were therefore classified as frequent. The following species and genera occurred often (9.99% -3.2%): Boletus edulis, Cenococcum geophilum, Cortinarius casimiri, Cortinarius spp., Lactarius spp., Lactarius subdulcis, Melanogaster variegatus, Paxillus spp. and Scleroderma citrinum. All other species were found occasional, i.e. with frequencies lower than 3.2% ( Table 7) .
A total of 22 ectomycorrhizal species were identified on the five tree species. Of these 13 species (59%) were determined on P. abies. Nine fungal species were not found on this tree species (Figure 6, Table 7 ). Lactarius necator was found exclusively on Norway spruce (Figure 6) .
In a Picea abies stand near the city of Augsburg, southern Germany, the following fungi were observed frequently: Piceirhiza nigra (14.7%) and Russula ochroleuca (15.3%) (cf. Table 9 ). The species Piceirhiza conspicula (6.7%), Tuber puberulum (6.9%) and Xerocomus badius (6%) were often observed [39] . The species Russula ochroleuca was also identified in our study.
Quercus petraea
On 36 sessile oaks we collected 43 mycorrhizal samples, 18 different mycorrhizal genera and species. Sessile oak had the second high mycorrhizal species range of the five investigated tree species. On Sessile oak frequent (31.99% -10%) occurring mycorhizzal genera and species were: Fagirhiza tubulosa, Lactarius spp. and Paxillus involutus ( Table 7) . Mycorrhizae classified as often occurring (9.99% -3.2%) were Cenococcum geophilum, Cortinarius casimiri, Cortinarius spp., Fagirhiza cystidiophora, Genea hispidula, Lactarius subdulcis, Melanogaster variegatus and Russula ochroleuca. Further seven mycorrhizal species were classified as occasional because of abundances between 3.1% -1.0% ( Table 7) . Of the 22 ectomycorrhizal species identified on the five tree species 16 species (73%) were determined on Q. petraea. Six fungal species were not found on this tree species (Figure 7, Table 7 ). Cortinarius subsertipes, Lactarius quietus and Tylopilus felleus were exclusively found on Quercus petraea (Figure 7) .
In her study on ectomycorrhizae of sessile oak in the Palatinate Forest in the Southwest of Germany Wilson [40] identified 65 ectomycorrhizal fungal species. Ten of these species were also found in the present study: Byssocorticium atrovirens, Cenococcum geophilum, Fagirhiza cystidiophora, Fagirhiza tubulosa, Genea hispidula, Laccaria amethystina, Lactarius subdulcis, Lactarius quietus, Paxillus involutus and Russula ochroleuca ( Table 9 ).
In the east of Germany, near the city of Potsdam, Sammler studied the mycorrhizal frequencies on Quercus robur and Quercus petraea [41] . He determined altogether 73 mycorrhizal species (cf. Table 9 ) of which 62 species were found on Sessile oak. Due to the numerous fungal species the comparison with our data is limited to frequent and often species: The most abundant species with high relative frequencies were Amanita citrine (29%), Cortinarius torvus (24%), Laccaria amethystina* (17%), Lactarius quietus* (23%), Lactarius vellereus (12%), Paxillus involutus* (21%), Rhodocollybia butyracea (22%), Russula emetica (14%), Russula fragilis (12%), Russula graveolens (12%) and Tricholoma sulphureum (10%). According to Engelmann [30] they were classified as frequent species. Often found species on Sessile oak were: Amanita fulva (10%), Amanita pantherina (8%), Amanita rubescens (11%), Boletus edulis* (10%), Cantharellus cibarius (7%), Cortinarius hinnuleus (6%), Cortinarius saniosus (4%), Cortinarius trivialis (4%), Hebeloma crustuliniforme (6%), Laccaria laccata (4%), Lactarius camphoratus (10%), Lactarius chrysorrheus (10%), Russula amoenolens (5%), Russula ochroleuca* (4%), Scleroderma areolatum (7%) and Scleroderma citrinum* (9%). Mycorrhizal species marked with an asterisk were also found in our study.
DISCUSSION
Investigations on the occurrence of mycorrhizal species and their frequencies in German forests were performed on European beech [36, 37] , oak [40, 41] , Norway spruce [39] and Silver fir [34] . Corresponding investigations on European larch growing in Germany were not published so far. The most often investigated tree species in this context is European beech.
With respect to the total number of different mycorrhizal species identified on various forest trees in Germany the following results were obtained. At the Taunus Mountains (this study) and at the Black Forest [34] together 17 different mycorrhizal species were identified on Abies alba. On Fagus sylvatica investigated at the National Park Hainich in Thuringia [36] , the Taunus Mountains [37] and this study 47 different mycorrhizal species were observed. On Larix decidua growing in the Taunus Mountains (this study) 22 different mycorrhizal species were identified so far. The mycorrhizal spectrum of Picea abies was studied in the Höglwald Forest, near Augsburg [39] and the Taunus Mountains (this study) resulting in the identification of 24 different mycorrhizal species. On Quercus petraea growing at the Palatinate Forest in Rhineland Palatinate [40] , forests near the city of Potsdam in Brandenburg [41] and in forests of the Taunus Mountains (this study) all together 125 different mycorrhizal species were determined. In our study on the occurrence and frequency of mycorrhizal species occurring together with the genus Xerocomus on European beech, European larch, Norway spruce, Sessile oak and Silver fir we were able to identify 22 different mycorrhizal species. Of these 12 were identified on Abies alba, 16 on Fagus sylvatica, 11 on Larix decidua, 13 on Picea abies and 16 on Quercus petraea. These findings indicate that the native tree species at the Taunus Mountains European beech and Sessile oak bear the largest number of mycorrhizal species while the introduced tree species Silver fir and European larch are infected with the lowest number of ectomycorrhizal fungi.
Those mycorrrhizae which infected two and more tree species in the Taunus forests occurred partly in frequentcies deviating by 150% and more from the mean frequency. With respect to Abies alba this was the case with Scleroderma citrinum and Tylopilus felleus. Boletus edulis, Byssocorticium atrovirens, Genea hispidula and Lactarius hepaticus appeared in these frequencies on Fagus sylvatica. On European larch such strong deviations were observed for Lactarius hepaticus and Lactarius tabidus.
In Hessian forest stands the average nitrogen loads made in 2009 under European beech up to 17.1 kg N/ha and under Norway spruce they added up to 23.6 kg N/ha [20] . These N-values exceed the threshold values of 5 to 20 kg N/ha/yr presently validated as harmless with respect to forest ecosystems. Nitrogen concentrations in upper soils of the five stands which we investigated in the Taunus Mountains increased with stand age from 7.7 ± 1.6 (P. abies) to 22.6 ± 14.7 kg N/ha (Q. petraea).
Nitrogen depositions of 14 to 37 kg N/ha/yr in Swiss plots caused an increase of arginine concentrations in spruce foliage [42] . Increased nitrogen compounds in leaves or needles of trees may influence the formation of fruiting bodies by ectomycorrhizal fungi because a proportion of several amino acids is transported back to the roots [43, 44] and could act as a signal to stop fruiting body production. Furthermore, fine root biomass of Norway spruce decreased with increasing concentrations of nitrogen in soil solutions (mg N/l > 1) [45] . Since the N-values that we observed in upper soils of the five forest stands in the Taunus Mts. ranged from ~3 to ~9 mg N/l it can be concluded that the number of fine roots of the five tree species growing on these plots is reduced. This might have consequences in respect to the number of mycorrhizal individuals on these trees and therefore nutrient uptake as well as water supply to the trees might be affected. It was also observed that starch concentrations in fine roots of European beech were significantly reduced after eight years of nitrogen application at loads of 20 kg N/ha/yr in a field fertilization experiment [46] . Since starch formation in roots depends on the transport of soluble carbohydrates through the phloem and from there from cell to cell, the hyphae of mycorrhizae could suffer under low carbohydrate supply. Lower and probably altered carbohydrate flows from the trees to the mycorrhizal fungi could reduce mycorrhizal growth [18] and the formation of fruiting bodies as well [47] .
The most striking effect of increased nitrogen availabilities is the non-appearance of fruit bodies [48, 49] . "Generalists" among ectomycorrhizal fungi such as Laccaria, Lactarius, Paxillus, Scleroderma and Telephora are less prone to increased N-availabilities as "specialists" like Cortinarius, Suillus and Tricholoma [50] . Except for Paxillus involutus which was found mostly frequent and often, Laccaria amethystina, Lactarius subdulcis, L. hepaticus, L. tabidus and Scleroderma citrium occurred as "rare species" on the plots we investigated in the Taunus indicating that they may be affected by the given N-concentrations in the soil. The "specialists" Suillus and Tricholoma were not found in the Taunus and Cortinarius anomalus occurred very rare. These observations indicate that most of the mycorrhizal species that were observed on deciduous and coniferous trees in the Taunus are in danger to be drastically reduced or even extinct in the long term. There are numerous reports of a decrease in mycorrhizal diversity and abundance in forests. In the Netherlands the average number of ectomycorrhizal species decreased from 71 in 1912-1954 to 38 in 1973-1983 while saprophytic and parasitic fungi infecting wood increased from 38 to 50 [50] . In Forests near the city of Salzburg (Austria) in 1937 110 mycorrhizal species were observed while in 1987 there were only 48 and collaterally the number of saprophytic and parasitic fungi infecting wood increased from 17 to 19 [51] . In the forest region near the city of Darmstadt (Germany) the occurrence of sporocarps belonging to different fungal species decreased from 236 in 1918-1942 to 137 in 1979-1976 including numerous ectomycorrhizal fungi [52] . Similar results were obtained by Schlechte [53] on Norway spruce growing in the north of the city of Göttingen (Germany) with 21 mycorrhizal species on a stand that was loaded with 23 kg N/ha/yr but only 3 species on a site loaded with 42 kg N/ha/yr.
